The purpose of this article is to report the case of a 10-year-old girl born with anophthalmia, bilateral oblique facial clefts, and missing scalp and bones over the temporal and parietal areas of the cranial vault bilaterally. Early amnion rupture seems to be the most probable cause of this rare combination of anomalies. Because no similar case has been reported in the literature so far, we describe here the clinical and psychosocial history of this unusual patient, who has been able to live the intellectually and socially normal life of a blind child in spite of the major craniofacial deformities. The already completed and possible future therapeutic strategies are discussed.
E
xencephaly is a developmental abnormality characterized by either partial or complete absence of membranous flat bones of the neurocranium 1 as well as dura, scalp, and skin defects, whereas the base of the skull is commonly intact. Most cases of intrauterine exencephaly lead to anencephaly, because exposure to neurotoxic substances of amniotic fluid and mechanical traumatization cause slow degeneration of the developing brain. 1 Cases in which intact overlying skin protects the brain against trauma are referred to as acalvaria. Acalvaria is sometimes encountered in the amniotic band syndrome or amnion rupture sequence (ARS) and has been proposed to be caused by abnormal migration of the mesenchyme under the calvarian ectoderm. 2, 3 The ARS is a complex, nonrecurrent, nonheritable, and rare condition. The prevalence rate of ARS is 1.16 per 10,000 live births. 4 The real incidence of ARS is even higher, however, because it has been seen in up to 1of 70 spontaneously aborted fetuses. 5, 6 Clinically, ARS causes several types of malformations depending on its nature and timing during fetal development. 7, 8 There are several mechanisms by which aberrant amniotic bands, sheaths, or adhesions compromise fetal development. They can either prevent the formation of organs or tissues, disrupt the development of those already formed, or cause deformations by molding fetal parts mechanically. 9, 10 In addition to mechanical factors, disturbance of blood circulation in the involved body part is considered a crucial downstream pathogenic mechanism, especially in disruptions. 11 The exact pathogenesis of ARS remains obscure, however.
The most common manifestations of ARS are limb anomalies, thoracoabdominal wall defects, and craniofacial clefts. 12, 13 Cerebral and ocular anomalies in liveborn neonates are relatively rare. Reported central nervous system malformations include encephalocele, holoprosencephaly, cerebellar dysplasias, neuronal heterotropias, absent olfactory bulbs, and cerebellar folia atrophy.
11 Ocular anomalies consist of bony orbital clefts, lid anomalies, and globe involvement. 12 Severe mental retardation, hydrocephaly, seizures, electroencephalographic abnormalities, impaired body temperature control, impaired vision, hypertonia, and psychomotor deficits have been observed in few patients surviving past the neonatal period.
To the best of our knowledge, there are only two reported cases of patients with acalvaria surviving beyond infancy. One was that of a 10-year-old boy with acalvaria, distal limb anomalies, and abnormal arterial and venous cranial blood vessels. 1 In this child, the brainstem auditory evoked potentials were normal, whereas electroencephalography showed epileptiform activity. The other reported case was that of a 3-year-old boy with a dural defect in the occipital area and a large encephalomeningocele complicated by hydrocephalus.
15
CLINICAL REPORT E . R. was born after an uneventful pregnancy to a family of four members. Both the two elder children (5 and 7 years old) and the parents (the mother was 27 years of age at the time of delivery) were healthy. No inborn or inherited malformations have occurred among their close relatives. The delivery was performed by cesarean section on week 38 + 5 because of the abnormal position of the fetus (Apgar score = 9). Severe head malformation of the female neonate was immediately recognized, and she was referred to the Pediatric Clinic of Helsinki University Hospital.
During the clinical examination, the scalp and large areas of the temporal and parietal bones were found missing bilaterally (Fig 1A) . At both sides of the head, the brain was visible and was covered only by a thin transparent membrane not resembling dura mater. A rudimentary eye globe was present in the right orbit only. The inner corners of the eyelids were clefted, open, and slanting downward, leaving conjunctiva unprotected (see Fig 1B) . In the upper lip, there was a midline cleft extending 1 cm above the vermilion to the border of the red part of the lip. A groove resembling a subcutaneous cleft extended 
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from the clefted lip upward and laterally toward the medial corners of the eyelids. The midface seemed poorly developed, and the nose was prominent. There was a fistula on the right side of the nasal alar rim. The nasal airways were patent (see Fig 1) . Otherwise, the child appeared to be normal and alert without any anomalies in other organs or extremities. The chromosomal status of the patient was normal. Brain computed tomography revealed no major pathological findings, except for the anomalous shape caused by the skull defects.
The diagnosis of amniotic band sequence was suggested on the basis of the craniofacial anomalies: major defects in the temporal and parietal bones, anophthalmia, distortion and disruption of the palpebral fissures, nasal deformity, midline cleft lip, and facial clefts.
METHODS

Therapeutic Interventions
The cranial defects were covered with saline sponges immediately after delivery. Per oral feeding was nearly normal, although the infant was sensitive to any manipulations. Extra fluids, pain medication, and antibiotics were given intravenously. During the first week, the pulse and breathing were unstable. During plastic surgical consultation, the defects in the skull were considered to be beyond surgical treatment. It was decided to continue conservative treatment. At that time, the long-term prognosis of the patient was considered to be poor.
After the second postnatal week, the general condition of the newborn gradually stabilized. The thin transparent membrane covering the brain started to grow thicker as a result of spontaneous epithelialization. The patient was nursed at home intermittently from the age of 3 weeks and continuously from the age of 2 months. The parents' and elder sisters' attitude toward the new member of the family was warm and loving from the beginning. Except for the blindness, the only other problem remaining until now was slow eating accompanied by an inclination to vomit. Contrary to the poor early prognosis, the sensorimotor and cognitive development of the patient progressed normally during the first year of life and afterward. Starting from the age of 1 year, she has been wearing a protective helmet and dark sunglasses. She has been reared at home.
Surgical Treatment
As the child's condition improved, the possibility of surgical treatment of the craniofacial malformations was reconsidered.
Oculoplastic Surgery
The first operative procedure was performed at 3 months of age to correct the open eyelids to protect the conjunctiva from drying. The medial canthi were corrected, and lateral canthopexies were made on both sides. No eye bulb was found in the left eye; on the right side, a small and abnormal eyeball was present. A pupil of this eye reacted toward a bright light.
With increasing age, a need for eye prostheses became apparent for esthetic and psychosocial reasons. At the age of 8 years, eye prostheses were fitted first to the right orbit and, 1 year later, to the left orbit. The rudimentary eye bulb in the right orbit was not excised.
Scalp Expansion
By 2 years of age, the bony defects of the skull had spontaneously diminished in size. Now, the dimensions were 8 × 12 cm and 7 × 10 cm on the right and left sides, respectively. At this age, scalp expansions were planned to cover the lateral bald defects with a hair-growing scalp. In the midline of the skull, there was a longitudinal 5-cm wide bone strip covered with a hair-growing scalp. More normal scalp, with underlying firm bone, was found in the occipital areas.
When the patient was nearly 3 years old, two tissue expanders were placed between the scalp and the bone: one in the midline and another in the occipital area. At first, the expanders were being filled at the outpatient clinic, but the mother soon learned to do the procedure herself. When the scalp had expanded sufficiently, a second surgery was performed to remove the expanders and to cover the bony defect on one side. The epithelium was carefully excised from the bald areas of the defect. The underlying tissue covering the brain was found to be abnormal and sponge-like, permitting the cerebrospinal fluid to ooze through it. In spite of the oozing of the fluid, the defect was successfully covered with the expanded scalp. The fluid kept collecting under the scalp during the following 2 months and was aspirated as needed. Besides this, there were no other postoperative problems. The scalp expansion procedure was repeated three times during a period of 2 years until the defects on both sides of the skull were covered with hair-growing scalp. No attempts were made to cover the bony defects with material like titanium mesh or bone because of the considerable risk of infection (Fig 2) .
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Brainstem auditory evoked potentials* 2 recorded in this patient at the age of 2 months were normal. Clinical observation by an otolaryngologist at 3 months of age indicated normal peripheral hearing.
Neurological Status
During a neurological checkup at 9 years of age, the patient was alert and well oriented, and her intellectual performance accorded well with her age. She showed soft neurological signs such as lower muscle tonus, low but equal tendon reflexes in the feet, mild choreoathetotic movements in her hands when in the Romberg position, and slight ataxia during fingernose and ankle-knee probes as a result of the mild choreoathoetotosis rather than of cerebellar origin.
Neuropsychological Status
During the neuropsychological assessment (verbal scale of Wechsler intelligence scale for children [WISC-III], parts of the standardized neuropsychological test battery for assessing cognitive profile of a child [NEPSY], finger tapping, dichotic listening, and Doty smell identification test) at 9 years of age, the patient was well oriented, communicable, and able to concentrate. Her overall cognitive performance in the tests given represented average/good average scores for her age. These tests included the verbal *Brainstem auditory evoked potentials are auditory evoked potentials originating from brainstem structures such as the auditory nerve and cochlear, olivary, lateral lemniscus, and inferior colliculus nuclei. In adults, brainstem auditory evoked potentials occur within 9 to 10 milliseconds after stimulus onset. The brainstem auditory evoked potentials reflect the "functional anatomy" or integrity of the brainstem auditory pathways. 
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intelligence scale, auditory-phonological analysis, verbal comprehension, fluency of expression, and verbal learning and memory. In the task requiring focusing and sustaining attention, she was likewise able to perform at an average level. In the odor discrimination task, her score was 9 of 12 correct, which is average for children of this age.
The dichotic listening test revealed that the patient had right ear dominance. Tactual discrimination was good in both hands. The fine motor speed in the finger-tapping task was average in both hands, with the left hand being slightly faster (the patient uses her right hand for eating, however). Bilateral hand movement sequences were executed fluently. Inhibition of motor impulses, even when specifically called for (standing still for 1 minute 15 seconds), was slightly difficult for the patient, because her hands and arms tended to move.
To conclude, the cognitive status of the patient was fully comparable to that of children of her age group, with good linguistic and learning abilities.
Social Status
Today, the patient is a 10-year-old schoolgirl who attends a bilingual school for blind children in Helsinki (Fig 3) . She is in the third grade, making good progress, and is able to read Braille. She speaks Finnish and Swedish fluently and has started to learn English. There have been no problems at school with her education. For hobbies, she practices swimming, piano playing, and horseback riding. In addition to two older sisters and the parents, a dog and a cat are included in the family. 
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DISCUSSION
S
everal causes may underlie the malformations found in the case described here. There could be amnion rupture, amnion leaking, or a failure of migration of the ectodermal mesenchyme.
The timing of amnion rupture determines the nature and extent of the structural defects. 13, 16 Amnion rupture during the third week of gestation produces anencephaly, encephalocele, meningocele, facial distortion, eye defects, unusual facial clefting, sternal clefting, and ectopia cordis. Amnion rupture during the fifth week of gestation produces unusual cleft lip, choanal atresia, limb defects, polydactyly, syndactyly, abdominal or thoracic wall defects, and scoliosis. 17 Embryological findings indicate that acalvaria develops during the fourth gestational week, coinciding with the anterior neuropore closure. 18 The epidermis of the scalp does not develop normally but remains an undifferentiated membranous coverage. 6 Thus, there is no signal for the mesenchymal tissue to migrate under the calvarial ectoderm and to form the bony tissue over the cerebral hemispheres, and the future brain remains covered by only a thin membrane and is exposed to the amniotic fluid, which is toxic to the brain tissue. In contrast, the skull base, which is derived from a different embryonic source (membranous viscerocranium) † 3 , develops normally in ARS.
In ARS, the neonate's cerebellum, brainstem, and cranial nerves that anatomically neighbor the viscerocranium are normal, but the growth of the diencephalon, ocular globes, and hemispheres is typically disrupted. 19, 20 In addition, neuronal migration defects 21 and multiple face anomalies such as bilateral cleft lip and absence of the orbital floor 3 have been reported in fetuses with acalvaria.
Based on the observed anomalies, it appears that in our patient's case, the amniotic rupture had occurred between the fourth and fifth gestational weeks, with the mesenchymal migration failure probably playing a major role in the pathogenesis of her skull defects. With a careful ultrasound investigation, this pathological finding should have been detected during the first trimester of pregnancy. No chromosomal aberrations were found in our patient; however, genetic factors cannot be ruled out. In addition, maternal infection, parent age, or teratogenic factors could play a role in a case like this.
Most cases of early amnion rupture are sporadic and lead to spontaneous abortions, stillbirths, or neonatal deaths. Therefore, the experience of management of newborns like E. R. is limited even in the largest centers.
The question remains as to whether further surgery for improvement of the appearance of our patient should be carried out or not. The need for corrective craniofacial surgery has been recognized since she was born. With increasing age, the social pressure to operate increases. The possibility of an unexpected disastrous outcome from surgery has to be taken extremely seriously. Because of the lack of a clearly defined surgical plan for a case like this, neurosurgeons and plastic surgeons have been reluctant to proceed to major surgery. Several aspects need to be carefully considered before a decision to perform extensive surgery is made.
The extreme posterior flatness of the skull can be expected to cause dysfunction of the brain by direct compression. In our patient's case, however, it is probable that the brain has adjusted to the slow changes in skull morphology, because neuropsychological tests did not reveal any functional problems. The absence of clear neuropsychological pathological findings does not rule out minor cognitive defects, however. Surgical skull expansion would allow the brain to grow posteriorly. This effect, in turn, may lead to less pressure on the brain in temporal areas, thus making bone grafting of the defects in the temporal bones possible. To cover the bony defects in the skull with cranial bone or with bone from other sources or with other material would make it possible to get rid of the protection helmet. A cranioplasty with expansion of the posterior part of the skull might improve the skull dimensions toward more normal. Conversely, bone grafting surgery performed on areas where the brain is not covered with normal tissues may lead to infection or to another serious complication.
The abnormally short anteroposterior dimension of the skull cannot stay unnoticed by other people. Because our patient attends a school for blind children, this is not a major social problem at present. Her development has progressed amazingly well. The parents' attitude toward further surgery is controversial. They would like to have the brain covered with bone to make wearing of the helmet unnecessary. The possible risks created by the bone-free areas have been the major concern for the parents, who † The bones of the skull are composed of two parts: the viscerocranium (the skeleton of the face) and the neurocranium. The neurocranium consists of the chondrocranium, which forms the bones of the cerebral cavity base, and the membranous flat bones, which encase the brain from outside. The flat bones are formed during the fourth week of embryological development.
THE JOURNAL OF CRANIOFACIAL SURGERY / VOLUME 15, NUMBER 2 March 2004
therefore prefer to have the helmet on at all times except during the night and during bathing. Conversely, they are extremely concerned about the true risks related to the surgery, because the girl is doing well otherwise.
With increasing age, the girl's own opinion needs to be taken into account. The skull form is not a concern for the patient herself. Instead, she would like to get rid of the protective helmet because she feels it is embarrassing to wear such a thing that others are not wearing. At present, she is opposed to any further surgical interventions.
CONCLUSION D
espite the rather skeptical attitude of clinicians toward this severely malformed child, the slowly progressing treatment, together with huge efforts from the parents and the whole family, have helped E. R. to become an intelligent individual who can develop into a full member of society. The decision for treating the craniofacial malformation has been left open to date. In making this decision, the attitude of the patient in the future will play the major role.
